Aim: This paper investigates the correlation between liver cancer mortality and consumption of food-groups in Serbia. Methods: We conducted an ecological study. The study comprised the population of the Republic of Serbia (about 7.5 million inhabitants) during the period 1991-2010. This ecological study included the data on food consumption per capita which were obtained by the Household Budget Survey and mortality data for liver cancer made available by the National Statistical Office. Linear trend model was used to assess a trend of age-adjusted liver cancer mortality rates (per 100,000 persons) that were calculated by the method of direct standardization using the World Standard Population. Pearson correlation was performed to examine the association between liver cancer mortality and per capita food consumption quantified with a correlation coefficient (r value).
INTRODUCTION
Liver cancer is the third most common cause of cancer mortality worldwide, with estimated 696,000 deaths accounting for 9.2% of all cancer deaths during 2008 (1) (2) (3) . Liver cancer is one of the deadliest malignant tumors, with survival rate lesser than 11% even in the developed countries (4) . In 2008, more than half of the liver cancer-related cases were registered in China (2) . Hepatocellular carcinoma is the main histological type, accounting for over 80% of all liver malignancies (5) .
Liver cancer mortality is on the rise in regions with low rates including the European Union countries (6) and the United States of America (7), and is on the decline in high-risk regions including urban areas of China and Japan (8, 9) . International differences in liver cancer mortality might be explained by genetic and environmental factors, but studies of migrants show that exposure to environmental factors plays a dominant role (10) . An increased incidence of hepatitis B and C infections is considered the main cause for rise in liver cancer mortality (11, 12) . Hepatitis C and B viruses are the major risk factors for hepatocellular carcinoma (11) . Globally, it is estimated that approximately three-quarters (78%) of liver cancers were attributable to HBV (53%) or HCV (25%) (11) . The global prevalence of chronic HBV and HCV infection largely explains the prevalence of liver cancer. In most developed countries, drug injection and high risk sexual behaviour are the main risk factors for HCV and HBV infections.
Alcohol use was one of the leading risk factors for death from cancer, accounting for 25% of liver cancer deaths worldwide (in low-and middle-income countries for 23%, in high-income countries for 32%) (13) . However, in the United States of America it is estimated that 15-50% of liver cancer cases do not have evidence for the risk factors of either viral hepatitis or heavy alcohol consumption (14) .
The role of diet in the aetiology of hepatocellular carcinoma is unclear, except for aflatoxin contamination. Aflatoxin exposure is a significant factor in the high incidence of liver cancer, especially in regions where food contamination with Aspergillus fumigatus fungi is common (15) . Findings from recent meta-analyses suggested that an increased consumption of coffee may reduce the risk of liver cancer (16) . Coffee has also been shown as a protective factor in individuals infected with HBV or HCV (17) . In several studies, inverse associations were observed for vegetable and fruit intake, and fish and eggs consumption, while meat intake was directly associated with risk of liver cancer (18) (19) (20) . Some other studies did not confirm these findings (21) (22) (23) ).
There were not many ecological studies that assessed link between the consumption of food and liver cancer, either in one country or at the international level. The aim of this study is to analyze time trend in liver cancer mortality in Serbia in correlation to changes in per capita food and alcohol consumption.
MATERIALS AND METHODS
The study comprised the population of the Republic of Serbia (about 7.5 million inhabitants) and was based on data obtained from a nationally-representative survey conducted by the Statistical Office of the Republic of Serbia. It was an epidemiological study with an ecological design using data on mortality due to liver cancer in Serbia between 1991 and 2010. This study is a part of larger research approved by the Ethics Committee of the Faculty of Medical Sciences, University of Kragujevac, entitled "The survival of patients suffering from the most common chronic diseases (malignant tumors, cardiovascular and cerebrovascular diseases)".
Mortality Data
Mortality and demographic statistic data were collected and made available by the Statistical Office of the Republic of Serbia. Data for the Republic of Serbia, without the Autonomous Province of Kosovo and Metohija, for which data are unavailable since 1998, were presented in this paper.
For the analysis of death due to liver cancer (code 155 revision 9 in the period 1991-1996, and code C22 revision 10 from the year 1997 of the International Classification of Diseases to classify death, injury and cause of death) in Serbia, the unpublished data were obtained from the State Statistical Office. The Serbian population data were provided on the basis of official censuses from 1991 and 2002, while for inter-census years the estimates of the resident population were obtained from the State Statistical Office database.
The Death Cause Statistics in Serbia is fully compliant with international standards and recommendations (the UN Principles and Recommendations for a Vital Statistics System Revision 2, International Classification of Diseases, Eurostat) (24) . The death certifiers are an authorized physician in healthcare organization, coroner or forensic physician. Death files are checked by the local registrar and forwarded to the referral public health institute where they are checked again and if necessary corrected by another trained medical doctor or specialist.
Three types of death rates were calculated: age-and genderspecific and age-standardized. Age-standardized mortality rates were calculated using the World Standard Population by the method of direct standardization. Also, truncated (40-64 years, and 65+ years) mortality rates were computed for overall deceased from liver cancer (these data were shown only) and for both genders separately. Rates are expressed as deaths per 100,000 persons.
Data on Consumption Per Capita
The data on food and alcohol consumption per capita were obtained by the Household Budget Survey. The Household Budget Survey has been conducted on the entire territory of the Republic of Serbia. The data were collected for entire observed year, and every household was screened for the period of two weeks. The Survey utilized a diary method and questionnaire-based oral examination method (interview method) of the selected households. The Survey used a two-stage, stratified, rotating sample, with enumeration areas as the primary and households as the secondary units of selection. From the total number of households selected for the Survey, there was a continuous achievement of satisfactory percentage of surveyed households (over 85%) during the survey period. Data quality assessment by phone was performed on a random sample (10% of surveyed households) in each even quarter during the year. For a few years, data were missing for one or more food items. No extrapolation was made for missing data. Eight different food or food-groups were selected for comparison.
Statistical Analysis
The linear trend model was used to examine mortality trend from liver cancer. The Pearson correlation was performed to examine associations between liver cancer mortality and food consumption (quantified with a correlation coefficient, r value). Correlation analysis was done for the age-standardized mortality rates at all ages and truncated rates (40-64 years, and 65+ years). Correlation analysis by gender was also performed. Two-sided p values were reported and considered to indicate statistical significance when less than 0.05. All statistical analyses were conducted using the Statistical Package for Social Sciences software (SPSS Inc., version 19.0, Chicago, IL).
RESULTS

Time Trends in Liver Cancer Mortality in Serbia
Mortality trends for liver cancer have declined significantly in Serbia, with rates decreasing by nearly 30% since 1991 (6.2 per 100,000) to 2010 (4.2 per 100,000) (Fig. 1) .
Among females, liver cancer mortality rates were approximately two times lower than that in males (Fig. 2) . Both males and females showed favourable trends, with a decline over the last two decades (p < 0.001).
Correlation between Liver Cancer Mortality and Per Capita Food Consumption
Pearson correlations between age-adjusted liver cancer mortality rates and per capita food consumption are presented in Table 1 . In Serbia, a significantly (p < 0.01) positive correlation between liver cancer mortality rates and animal fat, beef, wine and spirits intake was demonstrated (r = 0.713, 0.631, 0.632 and 0.745, respectively). Negative correlations were found between consumption of vegetable oil (r = −0.583), poultry (r = −0.728), dried meat and meat processed items (r = −0.666), fish (r = −0.678), eggs (r = −0.789), yogurt (r = −0.710), and beer consumption (r = −0.525) and liver cancer mortality rates. Except for apples, fruit and vegetable intake was significantly negatively correlated with mortality from liver cancer: citrus fruits (r = −0.690), potato (r = −0.718), cabbage (r = −0.703), pepper (r = −0.572), and tomato (r = −0.448). Almost all of these correlations were confirmed both in men and women. Negative correlations for beer and tomato consumption were confirmed only in men. The correlations were stronger in women than in men. A weakly positive correlation between milk consumption and mortality from liver cancer (r = 0.559, p < 0.05) was found only among women. The strongest correlation was found between spirits consumption and liver cancer mortality rates in women (r = 0.851, p < 0.01). Almost all of these correlations were confirmed in both truncated ages, where correlation was not found only for tomato consumption. A negative correlation between coffee consumption and age-adjusted liver cancer mortality rates was found (r = −0.453, p < 0.05) only in the eldest persons. Additional analysis by gender showed a weak negative correlation between coffee intake and mortality from liver cancer in older men only (r = −0.516, p < 0.05) (data not shown). There was a lack of association for total fat consumption, read meat, pork, cheese, total drink, and apples consumption.
DISCUSSION
The analysis of time trend in liver cancer mortality in Serbia in correlation to changes in per capita food and alcohol consumption supported the unwholesome (harmful) effect of animal fat, beef, wine and spirits intake. Vegetable oil, poultry, dried meat and meat processed items, fish, eggs, yogurt, beer consumption and fruit and vegetable intake had a protective effect for liver cancer mortality rates. For women, and to a lesser extent for man, the most consistent positive correlation with liver cancer mortality rates was consumption of spirits. A weak negative correlation between coffee intake and liver cancer mortality was found only in the eldest men.
With mortality rate of 4.9 per 100,000 inhabitants in 2008, Serbia was among countries with low liver cancer mortality rate, together with Greece (5.7 per 100,000), Croatia (4.9), the Russian Federation (3.6), and the United States of America (3.6) (2). Liver cancer mortality rates in 2008 ranged from the highest, recorded in Mongolia (79.9 per 100,000), Vietnam (27.3), China (23.7) to the lowest (less than 2.0 per 100,000) recorded in the Netherlands and Norway (2). Liver cancer mortality has been on the decline over the last two decades in Serbia as well as in the Netherlands, Italy, France, and several Scandinavian countries (23) . In contrast, in some developed countries (United States, European Union) an increased trend of cancer mortality in last decades has been noted (6, 7). In Serbia, mortality rates from liver cancer have partly resulted from implementation of a HBV vaccination programme as well as the blood products screening for HCV and HBV markers (25) . However, the decreasing trend of mortality from liver cancer in the older age groups is likely to be explained by exposure to risk factors rather than the recent introduction of HBV vaccination in Serbia (25) . The decreased mortality trend of liver cancer was probably influenced by changes in risk factors exposure, such as alcohol consumption, diet or tobacco (25) .
According to the World Health Organization estimates, 30.3% of liver cancer deaths in the world are attributable to alcohol as a risk factor (30.7% in men and 15.7% in women) (26) . The reduction in per capita alcohol consumption observed during the last decades in many European countries (except Northern European countries) has likely contributed to the decrease in cirrhosis mortality and consequent decrease in liver cancer mortality. In recent decades, in all five Scandinavian countries there has been the apparent rise in alcohol consumption, corresponding to 15% of all death cases from liver cancer in 2000 (27) . positive associations were found between fat intake and liver cancer mortality, but there were no consistent associations with beef, processed meat or chicken consumption (29) . An inverse association observed between liver cancer and white meat (fish or poultry) intake (20) was confirmed in our study. An inverse correlation between the liver cancer mortality and vegetable and fruit consumption was observed in Serbia as well as in many reports (18, 19) . This probable effect has been related to specific micronutrients contained in vegetables and fruit. Potentially protective factors include various carotenoids, folic acid, vitamin C, flavonoids, phytoestrogens, and fiber. An inverse association of coffee consumption with liver cancer, found in many epidemiological studies (17, 30) , was observed among the eldest men in Serbia only. Coffee intake was inversely associated with incident liver cancer and mortality from chronic liver disease, irrespective of presence of diabetes, HBV and HCV infections (17) . Coffee is rich in antioxidants and other components, which could explain potentially anticarcinogenic effect of the coffee consumption (31). However, the possible beneficial effect of higher coffee consumption on liver cancer mortality could be an indirect link, i.e. perhaps it is a consequence of association between higher consumption of coffee with lower consumption of spirits. This link has been recognized in our study (non significant negative correlation between coffee and spirits intake was observed: r = −0.432, p > 0.05) and some other studies as well (16, 32) .
Milk intake was associated with higher mortality from liver cancer for men and women in the Japan Collaborative Cohort Study (29) . In Serbia, milk consumption correlated with mortality from liver cancer among women. A role of diet in liver carcinogenesis is plausible since most substances or metabolites, including carcinogens, are excreted via the bile. Also, women are possibly more susceptible to liver toxins (e.g. hormonal factors or the presence of larger fat depots in women could be resulting in greater accumulation of some lipophilic toxic contaminants, such as organic solvents, organochlorines, additives, pesticides, etc.) (33) . High consumption of milk may reflect an overall high dietary fat intake (particularly saturated fatty acids) or milk may contain growth factors (such as insulin-like growth factor I) or large amounts of estrogens and progesterone associated with cancer risk (34) . Nonetheless, an inverse association between milk and dairy products and liver cancer risk was observed in other studies in Italy and Greece (35, 36) .
Strengths and Limitations of the Study
Ecological studies may be useful in identifying cancer risk factors thanks to comparison of different populations or within the same population between different periods. The main advantage of ecological studies is that they can be done quickly and inexpensively. Advantages of mortality statistics data in Serbia are national coverage and consistent quality. According to the percentage of new malignant tumour cases registered by a death report as well as the percentage of histologically and cytologically-verified malignant tumours of the total number of reported cancer cases in the Registry, the World Health Organization assessed data quality and confirmed that Serbia has comprehensive death registration systems (37) . The proportion of cases with uncertain death cause (revision 9 codes 780-799 and revision 10 codes R00-R99) in the observed period was on an average 6.8%, with a non-significant decreasing trend (p = 0.137), so that significant changes in mortality from liver cancer could not be attributed only to the improvement of quality of mortality statistics in Serbia (24, 38) .
Nevertheless, ecological studies are not capable of linking the liver cancer experience of any individual with their diet, since the only information available is the country for which cancer mortality rate and average per capita food consumption were estimated. Of course, there always is a question of the quality of data collected. Mortality data for liver cancer are extremely difficult to interpret, due to the large number of secondary tumours, which are difficult to separate from primary liver cancers without histological verification. Inaccuracies in the death certification practices can occur for several reasons, such as errors in the selection of the main cause of death, precision of the medical diagnosis, coding of the cause of death, etc. The registration of autopsies in Serbia began in 2006, so that we have no data on the impact of changes in the rate of autopsies on the coding of causes of death in the observed period. Further, one limitation of the present study is that we were not determined to study whether the several co-morbidities (e.g. cirrhosis, etc.) or unhealthy life style (tobacco use, obesity, etc.) influenced both food consumption and liver cancer mortality.
In conclusion, correlations between liver cancer and dietary habits were observed and further effort is needed in order to investigate a possible causative association using epidemiological analytical studies.
